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[57] ABSTRACT

A toner supply device attachable to a developing de-
vice is provided with a toner cartridge mount portion
on which a toner cartridge 1s mounted, a toner outlet in
communication with the developing device, a convey-
ance path which connects the toner cartridge mount
portion with the toner outlet;-a conveying device for
conveying a specified amount of toner in the toner
cartridge from the toner cartridge mount portion to a
position in the vicinity of the toner outlet, and discharg-
ing the toner through the toner outlet immediately
when the toner is needed in the developing device.
Accordingly, the toner can be supplied to the develop-
ing device immediately after the tonér density in the
developing-device decreases below a proper level.

4 Claims, 9 Drawing Sheets
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TONER SUPPLY DEVICE MOUNTED WITH A
REPLACEABLE TONER CARTRIDGE

BACKGROUND OF THE INVENTION AND
RELATED ART STATEMENT

This invention relates to a toner supply device pro-

vided with a conveyance path extending from a mount
position of a toner cartridge to an outlet in communica-
tion with a developing device, and adapted for supply-
ing toner from the toner cartridge to the developing
device through the conveyance path.

There have been available image forming apparatuses
such as copying machines and printers in which an
electrostatic latent image formed on a photosensitive

member 1s developed with two-component developer

including toner and carriers. In these image forming
apparatuses, a space 1s defined between a frame of a
main body and a cover so as to provide an operation
lever or the like for maintenance. In some image form-
ing apparatuses, a toner cartridge is provided in this
space so as to make the size of the apparatus smaller.

In these image forming apparatuses, there are pro-

vided a toner conveyance path extending from the
toner cartridge to a developing device, and a conveying
member in the form of a spiral. The conveying member
1s disposed in the toner conveyance path and is driv-
ingly rotated by a drive motor. The toner from the
toner cartridge 1s designed to fall onto the toner con-
veyance path spontaneously, and the fallen toner is
conveyed by the conveying member up to a toner outlet
provided at a downstream side of the conveyance path.
The toner is discharged to the developing device
through the toner outlet.
- After the existing image forming apparatus is in-
stalied at a specified place, the developing device is
filled with developer having a suitable toner density.
Further, a toner cartridge for supplying toner to the
developing device when the toner density of the devel-
oper decreases below a given level is mounted at a toner
cartridge mount portion. At this time, the toner falls
onto the toner conveyance path spontaneously and is
accumulated at a portion of the conveyance path right
below the mount portion.

Thereafter, the toner density decreases as the toner in
the developing device is consumed after the start of an
image forming operation. The toner density is detected
by a toner sensor, and the drive motor is driven in ac-
cordance with a sensor signal output from the toner
sensor. Thereby, the toner accumulated on the convey-
ance path right below the cartridge mount portion is
conveyed to the toner outlet by the conveying member.

However, the toner density in the developing device
remains in the low level until the toner reaches the toner
outlet and is supplied to the developing device. Thus,
the image forming operation is obliged to continue in a
state where the toner density is low until the toner
density Increases up to an appropriate level, and accord-
ingly images cannot be formed properly.

Further, if the image forming operation is conducted
continuously while the toner is conveyed to the toner
outlet, the toner density in the developing device de-
creases further. When the toner density decreases as
low as a toner empty level, a toner empty indication is
displayed despite the fact that there still remains toner
in the toner cartridge.
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2
SUMMARY OF THE INVENTION

It 1s an object of the invention to overcome the prob-
lems residing in the prior art and to provide a toner
supply device capable of supplying toner to a develop-
ing device immediately when the toner density in the
developing device decreases below a specified level.

Accordingly, the invention is directed to a toner
supply device attachable to a developing device, the
toner supply device comprising mount means on which
a toner cartridge is mounted; outlet means in communi-
cation with the developing device; conveyance path
means for connecting the mount means with the outlet
means; conveyance means for conveying a specified
amount of toner in the toner cartridge from the mount
means to an initial position in the vicinity of the outlet
means, and discharging the toner through the outlet
means immediately when the toner is needed in the
developing device.

The conveyance means may include a conveying
member provided in the conveyance path means, a
drive motor for driving the conveying member, and
control means for controlling the driving of the drive
motor.

The control means may advantageously include
memory means for storing a conveyance time which is
calculated based on a distance between the mount
means and the initial position, and a toner conveying
speed of the conveying member.

It may be preferable to configure the conveying
member in the form of a spiral.

The outlet means may advantageously include an
oblong opening of a specified length which is defined
longitudinally in the conveyance path means at a down-
stream side thereof.

The oblong opening may be formed such that the
width thereof increases gradually as it extends more
toward a downstream side with respect to a toner con-
veying direction.

With the toner supply device thus constructed, the
toner is conveyed from the mount means to the initial
position in the vicinity of the outlet means. Accord-
ingly, the toner can be supplied to the developing de-
vice immediately even if the toner filled up in the devel-
oping device at the time of installation is consumed and
thereby the toner density therein decreases. This pre-
vents an excessive decrease in the toner density in the
developing device and contributes to formation of satis-
factory images. There can be also prevented the unde-
sirable likelihood that a toner empty indication is dis-
played due to the excessive decrease in the toner density
although there still remains toner in the toner cartridge.

These and other objects, features and advantages of
the present invention will become more appareni upon
a reading of the following detailed description and ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic construction diagram showing -
an exemplary image forming apparatus incorporating a
toner supply device according to the invention;

FIG. 2 1s a diagram partially 1n section showing ex-
emplary constructions of the toner supply device and a
developing device;

FIG. 3 1s a perspective view showing the toner sup-
ply device and the developing device;

FI1G. 4 1s a perspective view showing the toner sup-
ply device;
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FIG. 5§ is a perspective view showing an exemplary
toner outlet and a raking member according to the in-
vention;

FIG. 6 is a perspective view showing a contact state
where a conveying member is in contact with the rak-
ing member;

F1G. 7 1s a perspective view showing another contact
state where the conveying member is in contact with
the raking member;

FIG. 8 is a block diagram showing an exemplary
control system of the toner supply device;

FIG. 9 1s a schematic diagram showing a position of
the toner in the toner supply device; and

FIG. 10 1s a flow chart showing an operation exe-
cuted in an initialization mode of the toner supply de-
vice.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

FIG. 1 is a schematic construction diagram showing
an exemplary image forming apparatus (copying ma-
chine).

The copying machine i1s provided with a document
holder 20 and a transparent document platen 21 at the
top thereof, and is internally provided with an optical
system L and an imaging assembly P. The document
holder 20 is adapted for holding a document placed on
the document platen 21.

The optical system L is provided with a first movable
unit 25, a second movable unit 28, a lens array 29, and a
mirror 30. The first movable unit 25 includes a lamp 22
such as a halogen lamp which serves as a light source, a
reflector 23, and a mirror 24. The second movable unit
28 includes mirrors 26, 27. Upon start of a copying
operation, the first movable unit 25 starts moving to
scan a document image, and the light 1s projected from
the lamp 22 onto the document placed on the document
platen 21. The light reflected by the document is intro-
duced to the lens array 29 through the mirrors 24, 26,
and 27, and is projected onto a photosensitive drum 31
by way of the mirror 30. Thereby, the drum 31 i1s ex-
posed.

The imaging assembly P includes the photosensitive
drum 31, a main charger 32, a blank lamp 33, a develop-
ing device 34, a transfer charger 3§, a separating char-
ger 36, a cleaning device 37, etc. After being charged
uniformly by the main charger 32, and having electric
charges on an unnecessary region removed by the blank
lamp 33, the surface of the photosensitive drum 31 1s
exposed to the light reflected by the document, thereby
forming an electrostatic latent image thereon. Thus
formed latent image is developed into a toner image by
the developing device 34, which is in turn transferred to
a copy sheet by the transfer charger 35. Then, the copy
sheet bearing the toner image is separated from the
surface of the photosensitive drum 31 by the separating
charger 36. On the other hand, the toner residual on the
surface of the photosensitive drum 31 is removed there-
from by the cleaning device 37. The developing device
34 is allowed to maintain the toner density therein at an
appropriate level by being furnished with additional
toner supplied through a toner supply device 1.

Further, there are arranged cassettes 38, 39, feed
rollers 40, 41, pairs of transport rollers 42, 43, and a pair
of registration rollers 44 in this order from an upstream
side of a sheet feeding direction. A copy sheet contained
in the cassette 38 or 39 is dispensed by the feed rollers 40
or 41 and is transported to the registration rollers 44 by
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the pair of transport rollers 42 or 43. The copy sheet 1s
caused to stay at the registration rollers 44 so as to be
fed to the photosensitive drum 31 as timed with the
scanning of the optical system L.

Downstream of the photosensitive drum 31 are ar-
ranged a transport belt 45, a fixing device 46, a pair of
discharge rollers 47, etc. in this order with respect to
the sheet feeding direction. The copy sheet bearing a
document image thereon which has been separated
from the drum 31 is transported to the fixing device 46
by the transport belt 45. After having the image fixed
thereto, the copy sheet is discharged onto a discharge
tray 48 by the discharge rollers 47.

There will be described constructions of exemplary
developing device 34 and toner supply device 1 next
with reference to FIGS. 2 to 4.

The developing device 34 includes a housing 341,
agitating rollers 342, 343, a developing roller 344, and a
toner sensor 345. The agitating rollers 342, 343 stir and
mix two-component developer including the toner and
carriers, and also cause the toner to be charged by
means of frictional electrification. The developing rol-
ler 344 supplies the toner to the photosensitive drum 31,
thereby developing the electrostatic latent image
formed on the drum 31 into a toner image. The toner
sensor 345 is provided at a top portion of the developing
device 34 and located at a center with respect to a
widthwise direction of the developing device 34. The
sensor 345 is adapted for detecting the toner density in
the housing 341.

The toner supply device 1 includes a toner cartridge
mount portion 2, a toner conveyance path 3, a convey-
ing member 4, and a drive motor 3. The mount portion
2 is provided at an upstream end of the toner convey-
ance path 3 with respect to a toner conveying direction,
and a toner cartridge 6 is mounted on this mount por-
tion 2. The toner cartridge 6 contains toner therein, and
is mounted vertically relative to the mount portion 2 so
that the toner falls onto the toner conveyance path 3
spontaneously. The toner conveyance path 3 extends in
the widthwise direction of the developing device 34
from the mount portion 2, and has the conveying mem-
ber 4 disposed therein. At a downstream portion of a
surface of the path 3 facing the developing device 34 is
defined a toner outlet 7 (see FIG. 9) of a specified length
extending in the toner conveyance direction. The toner
outlet 7 1s formed such that the width thereof increases
gradually as it extends more toward the downstream
side with respect to the toner conveyance direction.
The toner in the toner cartridge 6 falls onto the toner
conveyance path 3 due to the weight thereof.

‘The conveying member 4 is configured into a spiral
form, and is designed to convey the toner in the toner
conveyance path 3 at a specified speed by being driven
by the drive motor 5. The drive motor § drives the
conveying member 4 in accordance with a control sig-
nal from a control unit 10 to be described later. When
the conveying member 4 is driven by the drive motor §,
the toner fallen onto the toner conveyance path 3 from
the toner cartridge 6 due to the weight thereof is con-
veyed along the path 3, and falls into the housing 341
through the toner outlet 7. In this way, the toner in the
toner cartridge 6 is supplied to the developing device
3.

At an upper end of the toner outlet 7 is fixed a raking
member 71. The raking member 71 is formed of thin
flexible material such as PET (polyethylene terephthal-
ate) film, and includes a base portion 72 and a plurality
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of elastic pieces 73 extending from the base portion 72.
The base portion 72 extends over the entire length of
the toner outlet 7 as shown in FIG. 5. The elastic pieces
73 extend vertically from the base portion 72 in an axial
direction of the conveying member 4, and are arranged
at a specified spacing, for example, equal to the pitch of
the spiral of the conveying member 4. The elastic pieces

13 are designed to come into contact with faces of the
conveying member 4.

The elastic pieces 73 are brought into contact with
the faces of the conveying member 4 while being elasti-
cally deformed as shown in FIGS. 6 and 7, thereby
raking the toner depositing on the faces of the convey-
ing member 4. |

Since the toner depositing on the faces of the convey-
ing member 4 is raked by the raking member 71 in this
way, conveyance of the toner is not hindered by the
toner depositing on the faces of the conveying member
4. Thus, the toner can be uniformly conveyed over the
entire width of the developing device 34.

With the above toner outlet 7, an amount of toner
supphied 1s smaller at an upstream side of the outlet 7
than at a downstream side thereof with respect to the
toner conveying direction. This causes a variation in the
toner density with respect to the widthwise direction of
the developing device 34. However, since the toner is
allowed to fall into the housing 341 earlier by providing
the raking member 71 at the toner outlet 7, the toner can
be supplied more uniformly in its amount with respect
to the widthwise direction of the developing device 34.
The raking member 71 also serves to reduce the likeli-
hood that the toner falls into the developing device 34
through the toner outlet 7 inadvertently due to an im-
pact produced when the developing device 34 is at-
tached or detached or other cause.

It will be appreciated that the raking member 71 is
not limited to the aforementioned thin raking member,
but may be a brush-like raking member, for example.
Even in this case, effects similar to the above are obtain-
able. Further, in the above description, the elastic pieces
73 are arranged at the spacing equal to the pitch of the
spiral of the conveying member 4. However, the pitch
of the elastic pieces 73 may be different from that of the
spiral of the conveying member 4. In this case, the shape
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elastic pieces 73 so that the toner can be supplied uni-
formly in its amount with respect to the widthwise
direction of the developing device 34.

There will be next described a construction of a con-
trol system for controlling the conveyance of toner in
the toner supply device 1 with reference to FIG. 8.

This control system includes a memory 8, an opera-
tion unit 9, a control unit 10, and a drive controller 11.
The memory 8 stores a conveyance time required to
convey the toner in the toner conveyance path 3 from
the toner cartridge mount portion 2 to a preset initial
position in the vicinity of the toner outlet 7, a processing
program of the control unit 10, etc. The conveyance
time is calculated based on a distance between the
mount portion 2 and the imitial position, and a convey-
Ing speed, i.e. a rotating speed, of the conveying mem-
ber 4.

The operation unit 9 includes an initialization switch
(not shown) and other operation switches. The initial-
ization switch is manipulated to designate execution of
an initialization mode in which the drive motor 5 is
driven for the conveyance time when the toner car-
tridge 6 is mounted on an unused toner supply device 1.
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The control unit 10 includes a CPU and a timer, and
sends a control signal to the drive controller 11 so as to
execute the initialization mode when the initialization
switch is turned on. Further, the control unit 10 dis-
criminates whether the toner density detected by the
toner sensor 345 is below a proper level. When the
toner density is below the proper level, the control unit
10 sends the control signal to the drive controller 11 so
as to drive the drive motor 5. Upon receipt of the con-
trol signal from the control unit 10, the drive controller
11 drives the drive motor S.

There will be described an operation executed in the

initialization mode of the toner supply device 1 next

with reference to FIGS. 9 and 10. In FIG. 9, the toner

conveyance path 3 is represented as a straight path so as
to show the position of the toner in the path 3 more

easily.

First of all, it is discriminated whether the initializa-
tion switch is in the ON state in Step S1. This routine
waits in Step S1 until the initialization switch is turned
on (NO in Step S1). When an operator mounts the toner
cartridge 6 on the toner supply device 1 and turns on
the mmtialization switch (YES in Step S1), the control
unit 10 determines that the initialization mode is desig-
nated, and accordingly sends the control signal to the
drive controller 11. Thereupon, the drive motor § is
driven, and the toner T is conveyed from the toner
cartridge mount portion 2 (a position indicated by a
dotted line A 1n FIG. 9). At the same time, the control
unit 10 starts the timer so as to measure the conveyance
time in Step S2.

Thereafter, the control unit 10 discriminates whether
the timer has measured the conveyance time in Step S3.
This routine waits in Step S3 until the timer measures
the conveyance time (NO in Step S3). When the timer
measures the conveyance time (YES in Step S3), the
driving of the motor § is stopped, and thereby the con-
veyance of the toner T is stopped in Step S4. By this
time, toner T has been conveyed up to the initial posi-
tion (a position indicated by a phantom line B in FIG.
9).

If the toner density in the developing device 34 de-
creases below the proper level due to a copying opera-
tion carried out thereafter, the control unit 10 causes the
drive motor § to be driven. This time, the conveyance
of the toner T is started from the initial position. Thus,
the toner T falls into the housing 341 through the toner
outlet 7 immediately after the start of conveyance, with
the result that the toner T can be supplied to the devel-
oping device 34 within a short time.

In this way, the toner T is conveyed from the position
of the mount portion 2 to the initial position in the vicin-
ity of the toner outlet 7 when the toner cartridge 6 is
mounted on the unused toner supply device 1 and the
initialization switch is turned on. Accordingly, the
toner can be thereafter supplied to the developing de-
vice 34 immediately after it is detected that the toner
density has decreased below the proper level. This pre-
vents a further decrease in the toner density due to a
delay in supplying the toner, thereby contributing to
formation of satisfactory images.

In the above description, the control unit 10 discrimi-
nates that the toner T has been conveyed from the
mount portion 2 to the toner outlet 7 by measuring the
conveyance time with the use of the timer. However,
the control unit 10 may make such a discrimination, for
example, by detecting a rotating speed of the drive
motor 3.
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Further, the initialization mode is executed not only
in the case where the toner cartridge 6 1s mounted on
the unused toner supply device 1, but also in the case
where the toner is removed from the toner conveyance
path 3 when the toner supply device 1 is repaired.

In the above description, the toner outlet 7 is formed
in the toner conveyance path 3 in such a manner as to
extend 1n the toner conveyance direction. However, the
shape of the toner outlet 7 is not limited to this, but may
be any shape provided that it is defined on the surface of
the path 3 facing the developing device 34.

The foregoing embodiment 1s described with respect
to a developing device 34 using the two-component
developer including toner and carriers. However, the
invention is also applicable to a developing device using
one-component developer including only toner.

Although the present invention has been fully de-
scribed by way of example with reference to the accom-
panying drawings, it is to be understood that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless otherwise such
changes and modifications depart from the scope of the
present invention, they should be construed as being
included therein.

What is claimed is:

1. A toner supply device attachable to a developing
device, comprising:

mount means on which a toner cartridge is replace-

ably mountable and the toner is accumulated;
outlet means in communication with the developing

device for discharging the toner to the developing
device;
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8

conveyance path means provided between the mount
means and outlet means for connecting the mount
means with the outlet means:;

conveying means for conveying the toner from the

mount means to the outlet means, said conveying
means including a conveying member provided in
the conveyance path means and drive motor means
for driving the conveying member;

discriminator means for providing an indication that a

fresh toner cartridge is mounted on the mount
means;

memory means for storing a conveyance time of the

toner from the mount means to an initial position
located at an upstream vicinity position of the out-
let means in accordance with a toner conveying
speed of the conveying member; and

control means connected to the discriminator means

and the memory means, and responsive to the dis-
criminator means, for controlling driving of the
conveying member for the conveyance time, to
convey the toner from the mount means to the
initial position when said indication i1s provided
that a fresh toner cartridge is mounted on the
mount means.

2. A toner supply device as defined in claim 1
wherein the conveying member 1s in the form of a spi-
ral.

3. A toner supply device as defined in claim 1
wherein the outlet means includes an oblong opening of
a specified length which 1s defined longitudinally in the
conveyance path means at a downstream side thereof.

4 A toner supply device as defined in claim 3
wherein the oblong opening is formed such that the
width thereof increases gradually as it extends more

toward a downstream side with respect to a toner con-

veying direction.
%X % & *
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